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DESCRIPTION 



DISPLAY DEVICE AND LUMINANCE CONTROL METHOD THEREFOR 



5 Technical Field 

The present invention relates to a display device for 
displaying an image with luminance corresponding to a video 
signal inputted from the exterior and a luminance control 
method therefor. 

10 

Background Art 

Plasma display devices using PDPs (Plasma Display 
Panels) have the advantage that thinning and larger screens 
are possible. In the plasma display devices, images are 

15 displayed by utilizing light emission in cases where 
discharge cells composing pixels are discharged. As light 
is thus emitted, heat is generated on a glass surface 
composing the PDP , so that the higher the luminance of an image 
becomes, the larger the amount of heat generation becomes. 

20 Therefore, the temperature of the glass surface is raised. 
In the worst case, the glass surface is damaged. 

In order to solve the above-mentioned problem, an 
example of a conventional display device is a display device 
disclosed in JP-A-11-194745 . In the display device , the whole 

25 surface of a display screen is divided into a plurality of 
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blocks, temperature estimated values are calculated with 
respect to all the blocks, and the maximum value of the 
calculated estimated temperatures is compared with a 
reference temperature to produce a luminance correction 
5 coefficient. The luminance of the display screen is 
controlled by the luminance correction coefficient. 

A display on which an image is displayed is generally 
fixed in its outer periphery. Damage to the display caused 
by the rise in the temperature with the increase in the 

10 luminance may occur in the vicinity of the outer periphery 
of the display in most cases. That is, the damage to the 
display depends on the temperature difference rather than the 
maximum temperature. Generally, the temperature difference 
between the outer periphery of the display where no heat is 

15 generated and the outer periphery of the display screen of 
the display where heat is generated is the largest. The 
display may be damaged by thermal stress created by the 
temperature difference in many cases. 

In the conventional display device, however, only when 

20 the maximum value of the estimated temperatures reaches not 
less than the reference temperature, that is, when the 
temperature of any portion on the display screen exceeds its 
certain upper-limit value, the luminance is controlled. 
Therefore, the luminance cannot be always controlled when 

25 excessive thermal stress is exerted on the outer periphery. 
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which is most easily damaged, of the display, thereby making 
it impossible to reliably prevent the display from being 
damaged . 

In the conventional display device, the whole of the 
5 display screen is divided into a plurality of blocks, and the 
estimated temperatures are calculated with respect to all the 
blocks. Accordingly, operation processing becomes 

complicated, and long time is required to perform the 
operation processing. Particularly in recent years, it has 

10 been desired to make a display image highly precise. The 
number of pixels composing the display screen, that is, the 
number of discharge cells has tended to be increased. In this 
case, the above-mentioned operation processing has 
increasingly become complicated, and the processing time is 

15 lengthened. 

Disclosure of Invention 

An object of the present invention is to provide a 
display device capable of more reliably preventing a display 
20 from being damaged and a luminance control method therefor. 

Another object of the present invention is to provide 
a display device capable of more reliably preventing a display 
from being damaged in a small amount of operation and a 
luminance control method therefor. 
25 A display device according to an aspect of the present 
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invention comprises a display for displaying an image with 
luminance corresponding to a video signal inputted from the 
exterior; a temperature estimation circuit for estimating 
from the video signal a temperature estimated value 
5 corresponding to the temperature of a display screen of the 
display; an operation circuit for finding a temperature 
difference estimated value using a reference value 
corresponding to the temperature of the outer periphery of 
the display and the temperature estimated value; and a control 

10 circuit for controlling the luminance of the image displayed 
on the display on the basis of the temperature difference 
estimated value. 

In the display device, the temperature estimated value 
corresponding to the temperature of the display screen of the 

15 display is estimated from the video signal, and the 
temperature difference estimated value is found using the 
temperature estimated value and the reference value 
corresponding to the temperature of the outer periphery of 
the display, to control the luminance of the image displayed 

20 on the display on the basis of the temperature difference 
estimated value. Generally, the display on which the image 
is displayed is fixed in its outer periphery. Accordingly, 
damage to the display caused by the rise in the temperature 
with the increase in the luminance may occur in the vicinity 

25 of the outer periphery of the display in most cases. 
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Therefore, the luminance is controlled depending on the 
temperature difference estimated value found from the 
temperature estimated value corresponding to the temperature 
of the display screen and the temperature of the outer 
5 periphery of the display, as described above, so that the 
luminance can be controlled on the basis of the temperature 
difference between the outer periphery of the display which 
most greatly affects the damage to the display and the display 
screen, thereby making it possible to more reliably prevent 

10 the display from being damaged. 

It is preferable that the temperature estimation 
circuit estimates the temperature estimated value 
corresponding to the temperature of the outer periphery of 
the display screen of the display. 

15 In this case, the temperature difference estimated 

value corresponding to the temperature of the outer periphery 
of the display screen of the display is estimated from the 
video signal, and the temperature difference estimated value 
is found using the temperature estimated value and the 

20 reference value corresponding to the temperature of the outer 
periphery of the display, to control the luminance of the 
image displayed on the display on the basis of the temperature 
difference estimated value. The temperature difference 
estimated value is found from the temperature estimated value 

25 corresponding to the temperature of the outer periphery of 
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the display screen and the reference value corresponding to 
the temperature of the outer periphery of the display. 
Accordingly, the luminance can be controlled on the basis of 
the temperature difference between the outer periphery of the 
5 display which greatly affects the damage to the display and 
the outer periphery of the display screen closest to the outer 
periphery, thereby making it possible to more reliably 
prevent the display from being damaged. Further, the 
temperature estimated value operated in order to find the 

10 temperature difference estimated value is limited to the 
temperature estimated value for the outer periphery of the 
display screen of the display. Accordingly, the amount of 
operation is made smaller than that in a case where the 
temperature estimated value on the whole of the display 

15 screen, so that the processing is simplified, and the 
processing time is shortened. As a result, it is possible 
to more reliably prevent the display from being damaged in 
a small amount of operation . 

It is preferable that the display comprises first and 

20 second boards between which a plurality of light emitting 
elements are formed and to which its outer periphery is fixed, 
and the outer periphery of the display includes a portion 
between the light emitting element positioned in the 
outermost periphery out of the plurality of light emitting 

25 elements and a fixed portion of the first and second boards. 



In this case, the reference value corresponds to the 
temperature of the portion between the light emitting element 
positioned in the outermost periphery and the fixing portion 
of the first and second boards. Accordingly, the luminance 
5 can be controlled using as a basis the temperature of the 
portion most easily damaged, thereby making it possible to 
more reliably prevent the display from being damaged. 

It is preferable that the temperature estimation 
circuit estimates the temperature estimated value by 

10 integrating data relating to the luminance from the video 
signal and subtracting the amount of dissipated heat 
therefrom, and the operation circuit subtracts the reference 
value from the temperature estimated value, to find the 
temperature difference estimated value. 

15 In this case, the data relating to the luminance is 

integrated from the video signal, and the amount of dissipated 
heat is subtracted therefrom, thereby making it possible to 
find the temperature estimated value corresponding to the 
truer temperature. Consequently, the luminance is controlled 

20 on the basis of the temperature difference estimated value 
obtained by subtracting the reference value from the 
temperature estimated value. Accordingly, it is possible to 
control the luminance with higher precision to more reliably 
prevent the display from being damaged. 

25 It is preferable that the control circuit lowers the 
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luminance of the image displayed on the display with the 
increase in the temperature difference estimated value. 

In this case, the luminance is lowered with the increase 
in the temperature difference estimated value, thereby making 
5 it possible to more reliably prevent the display from being 
damaged. 

It is preferable that the control circuit lowers the 
maximum luminance of the image displayed on the display with 
the increase in the temperature difference estimated value. 

10 In this case, the maximum luminance is lowered with the 

increase in the temperature difference estimated value, 
thereby making it possible to more reliably prevent the 
display from being damaged as well as making it possible to 
display, when the luminance other than the maximum luminance 

15 is displayed as it is, a good image corresponding to the 
luminance of the video signal itself. 

It is preferable that the display displays the image 
with a gray scale corresponding to the video signal out of 
a plurality of gray scales, and the control circuit lowers 

20 the luminance of the image displayed on the display at the 
same ratio for each of the gray scales. 

In this case, the luminance is lowered at the same ratio 
for each gray scale, thereby making it possible to lower the 
luminance of the display without giving a visually 

25 uncomfortable feeling to a viewer. 



It is preferable that the display displays the image 
with a gray scale corresponding to the video signal using a 
plurality of light emitting formats which are the same in the 
total number of gray scales and differ in the number of light 
5 emitting pulses on each of the gray scales, and the control 
circuit controls the luminance of the image displayed on the 
display using the light emitting format selected depending 
on the temperature difference estimated value out of the 
plurality of light emitting formats. 

10 In this case, the luminance can be controlled by 

switching the plurality of light emitting formats in the order 
of their decreasing numbers of light emitting pulses on the 
same gray scale with the increase in the temperature 
difference estimated value, thereby making it possible to 

15 lower the luminance without greatly changing the total number 
of gray scales . 

It is preferable that the control circuit divides the 
display screen of the display into a plurality of blocks, 
extracts from the plurality of blocks the peripheral block 

20 adjacent to the outer periphery of the display screen, and 
lowers the luminance of the peripheral block. 

In this case, the luminance of the peripheral block 
adjacent to the outer periphery of the display screen is 
lowered. Accordingly, the image in the block inside the 

25 display screen can be displayed with the luminance of the 
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video signal itself, thereby making it possible to provide 
a display screen having no visually uncomfortable feeling by 
the viewer as well as to more reliably prevent the outer 
periphery of the display from being damaged. 

It is preferable that the control circuit divides a 
display screen of the display into a plurality of blocks, 
extracts from the plurality of blocks the peripheral block 
adjacent to the outer periphery of the display screen, and 
makes the luminance of the peripheral block lower than that 
of the block inside the display screen of the display. 

In this case, the luminance of the peripheral block is 
made lower than that of the block inside the display screen. 
Accordingly, the luminance of the display screen is smoothly 
changed, thereby making it possible to provide a display 
screen having no visually uncomfortable feeling by the viewer 
as well as to more reliably prevent the outer periphery of 
the display from being damaged. 

It is preferable that the display device further 
comprises a block extraction circuit for dividing the display 
screen of the display into a plurality of blocks and 
extracting from the plurality of blocks the peripheral blocks 
adjacent to the outer periphery of the display screen, the 
temperature estimation circuit estimates the temperature 
estimated values for the peripheral blocks, the operation 
circuit finds a peripheral block temperature difference 



estimated value from the temperature estimated values 
estimated for the peripheral blocks, and the control circuit 
controls the luminance for each of the peripheral blocks on 
the basis of the peripheral block temperature difference 
5 estimated value. 

In this case, the display screen is divided into the 
plurality of blocks, and the luminance is controlled for each 
of the peripheral blocks adjacent to the outer periphery of 
the display screen. Accordingly, the luminance can be 
10 controlled more finely, thereby making it possible to provide 
a display screen having no visually uncomfortable feeling by 
the viewer as well as to more reliably prevent the outer 
periphery of the display from being damaged. 

It is preferable that the control circuit controls the 
15 luminance for each of the peripheral blocks such that the 
amount of controlled luminance between the adjacent 
peripheral blocks is smoothly changed on the basis of the 
peripheral block temperature difference estimated value. 

In this case, the amount of controlled luminance between 
20 the adjacent peripheral blocks is smoothly changed. 
Accordingly, a display screen having no visually 
uncomfortable feeling can be provided for the viewer, and 
thermal stress created in the outer periphery of the display 
is smoothly changed, thereby making it possible to more 
25 reliably prevent the display from being damaged. 



1 1 



It is preferable that the display device further 
comprises a block extraction circuit for dividing the display 
screen of the display into a plurality of blocks and 
extracting from the plurality of blocks the peripheral blocks 
adjacent to the outer periphery of the display screen, the 
temperature estimation circuit estimates the temperature 
estimated values for the peripheral blocks, the operation 
circuit finds, out of the temperature estimated values 
estimated for the peripheral blocks, peripheral block 
temperature difference estimated values for the peripheral 
blocks, and extracts from the peripheral block temperature 
difference estimated values the maximum peripheral block 
temperature difference estimated value, and the control 
circuit controls the luminance of the image displayed on the 
display on the basis of the maximum peripheral block 
temperature difference estimated value. 

In this case, the luminance is controlled using the 
maximum peripheral block temperature difference estimated 
value representing the largest temperature difference in the 
peripheral blocks, thereby making it possible to more 
reliably prevent the display from being damaged. Further, 
the luminance is controlled by the maximum peripheral block 
temperature difference estimated value, thereby simplifying 
processing for controlling the luminance. 

It is preferable that the reference value includes a 



plurality of reference values which differ depending on the 
position of the outer periphery of the display. 

In this case, the luminance of the image displayed on 
the display can be controlled using the plurality of reference 
values which differ depending on the position of the outer 
periphery of the display. Accordingly, a high reference value 
is set in a portion where the temperature is easily raised, 
while a low reference value is set in a portion where the 
temperature is not easily raised, thereby making it possible 
to control the luminance on the basis of each of the reference 
values. As a result, the display can be more reliably 
prevented from being damaged, and the luminance is not lowered 
any more than necessary. 

It is preferable that the display device further 
comprises a measurement circuit for measuring the temperature 
of the outer periphery of the display and outputting to the 
operation circuit the reference value corresponding to the 
measured temperature. 

In this case, the temperature of the outer periphery of 
the display is directly measured, thereby making it possible 
to control the luminance on the basis of the reference value 
corresponding to the temperature. Even when the reference 
value is changed by the variation in outside air temperature, 
for example, it is possible to reliably prevent the display 
from being damaged. 



A luminance control method for a display device 
according to another aspect of the present invention is a 
luminance control method for a display device comprising a 
display for displaying an image with luminance corresponding 
to a video signal inputted from the exterior, characterized 
by comprising the steps of estimating from the video signal 
a temperature estimated value corresponding to the 
temperature of a display screen of the display; finding a 
temperature difference estimated value using a reference 
value corresponding to the temperature of the outer periphery 
of the display and the temperature estimated value; and 
controlling the luminance of the image displayed on the 
display on the basis of the temperature difference estimated 
value . 

In the luminance control method for the display device, 
the temperature estimated value corresponding to the 
temperature of the display screen of the display is estimated 
from the video signal, and the temperature difference 
estimated value is found using the temperature estimated 
value and the reference value corresponding to the 
temperature of the outer periphery of the display, to control 
the luminance of the image displayed on the display on the 
basis of the temperature difference estimated value. 
Generally, the display on which the image is displayed is 
fixed in its outer periphery. The damage to the display caused 



by the increase in the luminance may occur in the vicinity 
of the outer periphery of the display in most cases. 
Consequently, the luminance is controlled depending on the 
temperature difference estimated value found from the 
5 temperature estimated value corresponding to the temperature 
of the display screen and the reference value corresponding 
to the temperature of the outer periphery of the display, 
thereby making it possible to control the luminance on the 
basis of the temperature difference between the outer 

10 periphery of the display which most greatly affects the damage 
to the display and the display screen and to more reliably 
prevent the display from being damaged. 

It is preferable that the temperature estimating step 
comprises the step of estimating the temperature estimated 

15 value corresponding to the temperature of the outer periphery 
of the display screen of the display. 

In this case, the temperature estimated value 
corresponding to the temperature of the outer periphery of 
the display screen of the display is estimated from the video 

20 signal, and the temperature difference estimated value is 
found using the temperature estimated value and the reference 
value corresponding to the temperature of the outer periphery 
of the display, to control the luminance of the image 
displayed on the display on the basis of the temperature 

25 difference estimated value. The temperature difference 



estimated value is found from the temperature estimated value 
corresponding to the temperature of the outer periphery of 
the display screen and the reference value corresponding to 
the temperature of the outer periphery of the display. 
Accordingly, the luminance can be controlled on the basis of 
the temperature difference between the outer periphery of the 
display which most greatly affects the damage to the display 
and the outer periphery of the display screen closest to the 
outer periphery of the display, thereby making it possible 
to more reliably prevent the display from being damaged. 
Further, the temperature estimated value operated in order 
to find the temperature difference estimated value is limited 
to the temperature estimated value for the outer periphery 
of the display screen of the display. Accordingly, the amount 
of operation is made smaller than that in a case where the 
temperature estimated value on the whole of the display screen 
is operated, so that the processing is simplified, and the 
processing time is shortened. As a result, it is possible 
to more reliably prevent the display from being damaged in 
a small amount of operation. 

It is preferable that the display displays the image on 
a gray scale corresponding to the video signal using a 
plurality of light emitting formats which are the same in the 
total number of gray scales and differ in the number of light 
emitting pulses on each of the gray scales, and the 



controlling step comprises the step of controlling the 
luminance of the image displayed on the display using the 
light emitting format selected depending on the temperature 
difference estimated value out of the plurality of light 
emitting formats. 

In this case, the luminance can be controlled by 
switching the plurality of light emitting formats in the order 
of their decreasing numbers of light emitting pulses on the 
same gray scale with the increase in the temperature 
difference estimated value, thereby making it possible to 
lower the luminance without greatly changing the total number 
of gray scales. 

It is preferable that the controlling step comprises the 
step of dividing the display screen of the display into a 
plurality of blocks, extracting from the plurality of blocks 
the peripheral blocks adjacent to the outer periphery of the 
display screen, and lowering the luminance of the peripheral 
blocks . 

In this case, the luminance of the peripheral blocks 
adjacent to the outer periphery of the display screen is 
lowered. Accordingly, the image in the block inside the 
display screen can be displayed with the luminance of the 
video signal itself, thereby making it possible to provide 
a display screen having no visually uncomfortable feeling by 
the viewer as well as to more reliably prevent the outer 



periphery of the display from being damaged. 

It is preferable that the luminance control method for 
the display device further comprises the step of dividing the 
display screen of the display into a plurality of blocks and 
5 extracting from the plurality of blocks the peripheral blocks 
adjacent to the outer periphery of the display screen, the 
temperature estimating step comprises the step of estimating 
the temperature estimated values for the peripheral blocks, 
the temperature difference estimated value operating step 

10 comprises the step of finding a peripheral block temperature 
difference estimated value from the temperature estimated 
values estimated for the peripheral blocks, and the 
controlling step comprises the step of controlling the 
luminance for each of the peripheral blocks on the basis of 

15 the peripheral block temperature difference estimated value. 

In this case, the display screen is divided into the 
plurality of blocks, and the luminance is controlled for each 
of the peripheral blocks adjacent to the outer periphery of 
the display screen. Accordingly, the luminance can be 

20 controlled more finely, thereby making it possible to provide 
a display screen having no visually uncomfortable feeling by 
the viewer as well as to more reliably prevent the outer 
periphery of the display from being damaged. 

25 Brief Description of Drawings 
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Fig. 1 is a block diagram showing the configuration of 
a plasma display device according to a first embodiment of 
the present invention. 

Fig. 2 is a block diagram showing the configuration of 
a temperature difference estimator shown in Fig. 1. 

Fig. 3 is a block diagram showing the configuration of 
a brightness controller shown in Fig. 1. 

Fig. 4 is a block diagram showing the configuration of 
a display shown in Fig. 1. 

Fig. 5 is a schematic view showing the configuration of 
a PDP shown in Fig. 4. 

Fig. 6 is a diagram showing sub-fields used for each gray 
scale level in a case where an image is displayed on 2 56 gray 
scales . 

Fig. 7 is a diagram showing the respective numbers of 
light emitting pulses in each sub-field in different light 
emitting formats. 

Fig. 8 is a diagram showing the relationship between a 
temperature difference estimated value and a multiplication 
factor in a case where light emitting formats A to E shown 
in Fig. 7 are used. 

Fig. 9 is a diagram showing the relationship between a 
temperature difference estimated value and luminance after 
control in a case where the temperature difference estimated 
value and the multiplication factor shown in Fig. 8 are used. 



Fig. 10 is a diagram showing the relationship between 
a temperature difference estimated value and a multiplication 
factor in a case where a light emitting format A shown in Fig. 
7 is used. 

Fig. 11 is a diagram for explaining a second luminance 
control method for the plasma display device shown in Fig. 
1. 

Fig. 12 is a diagram for explaining a third luminance 
control method for the plasma display device shown in Fig. 
1. 

Fig. 13 is a block diagram showing the configuration of 
a plasma display device according to a second embodiment of 
the present invention. 

Fig. 14 is a block diagram showing the configuration of 
a temperature difference estimator shown in Fig. 13. 

Fig. 15 is a diagram showing an example of a temperature 
estimated value and a peripheral block temperature difference 
estimated value which are estimated for each peripheral 
block. 

Fig. 16 is a diagram showing an example of a peripheral 
block temperature difference estimated value and a 
multiplication factor by a first luminance control method for 
the plasma display device shown in Fig. 13. 

Fig. 17 is a diagram showing an example of a peripheral 
block temperature difference estimated value, a peripheral 



block temperature difference estimated value after filtering 
processing, and a multiplication factor by a second luminance 
control method for the plasma display device shown in Fig. 
13. 

Fig. 18 is a block diagram showing the configuration of 
a plasma display device according to a third embodiment of 
the present invention. 

Fig. 19 is a block diagram showing the configuration of 
a temperature difference estimator shown in Fig. 18. 

Fig. 20 is a diagram showing an example of a temperature 
difference estimated value, a peripheral block temperature 
difference estimated value, and a maximum peripheral block 
temperature difference estimated value which are estimated 
for each peripheral block. 

Fig. 21 is a block diagram showing the configuration of 
a plasma display device according to a fourth embodiment of 
the present invention. 

Best Mode for Carrying Out the Invention 

An AC- type plasma display device will be described as 
an example of a display device according to the present 
invention. A display device to which the present invention 
is applied is not particularly limited to the AC-type plasma 
display device. The present invention is similarly 
applicable to another display device, provided that the 



temperature of a display screen is changed by a change in 
luminance . 

A plasma display device according to a first embodiment 
of the present invention will be first described. Fig. 1 is 
5 a block diagram showing the configuration of the plasma 
display device according to the first embodiment of the 
present invention. 

The plasma display device shown in Fig. 1 comprises a 
display 1, a brightness controller 2, a controller 3, a 
10 temperature difference estimator 4, and a panel periphery 
temperature setter 5. 

A video signal VS is inputted to the brightness 
controller 2 and the temperature difference estimator 4. The 
panel periphery temperature setter 5 sets a reference value 
15 To representing the temperature of the panel outer periphery 
of the display 1, and outputs the reference value To to the 
temperature difference estimator 4. The temperature 
difference estimator 4 calculates a temperature difference 
estimated value Td representing the difference between the 
20 temperature of the panel outer periphery of the display 1 and 
the temperature of the display screen of the display 1 using 
the video signal VS and the reference value To, and outputs 
the temperature difference estimated value Td to the 
controller 3 . 

25 The controller 3 outputs to the brightness controller 



2 a brightness control signal LC for controlling the luminance 
of the display screen of the display 1 depending on the 
temperature difference estimated value Td. The brightness 
controller 2 outputs to the display 1 a data driver driving 
5 control signal DS, a scan driver driving control signal CS , 
and a sustain driver driving control signal US for displaying 
an image with luminance corresponding to the brightness 
control signal LC. 

Fig. 2 is a block diagram showing the configuration of 

10 the temperature difference estimator 4 shown in Fig. 1. As 
shown in Fig. 2, the temperature difference estimator 4 
comprises a periphery adjacent portion separator 41, an 
integration circuit 42, a dissipated heat subtraction circuit 
43, and a subtracter 44. 

15 The periphery adjacent portion separator 41 receives 

the video signal VS, separates from the video signal VS a 
portion of a periphery adjacent portion adjacent to the outer 
periphery of the display screen of the display 1 from the video 
signal VS and outputs the separated portion to the integration 

20 circuit 42. The video signal VS includes not only an inherent 
video signal but also a vertical synchronizing signal, a 
horizontal synchronizing signal, and so forth. The periphery 
adjacent portion is separated using the horizontal 
synchronizing signal, the vertical synchronizing signal, and 

25 so forth. 
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The integration circuit 42 integrates data relating to 
luminance from the video signal for the periphery adjacent 
portion separated by the periphery adjacent portion separator 
41, for example, a luminance signal for the periphery adjacent 
5 portion, and outputs the integrated luminance signal to the 
dissipated heat subtraction circuit 43. 

The dissipated heat subtraction circuit 43 subtracts 
the amount of dissipated heat from the integrated luminance 
signal for the periphery adjacent portion to calculate a 

10 temperature estimated value Te representing the temperature 
of the periphery adjacent portion, and outputs the 
temperature estimated value Te to the subtracter 44. 

The subtracter 44 subtracts the reference value To for 
the panel outer periphery from the temperature estimated 

15 value Te for the periphery adjacent portion to find a 
temperature difference estimated value Td for the outer 
periphery of the display screen, and outputs the temperature 
difference estimated value Td to the controller 3. 

The controller 3 selects, out of a plurality of light 

20 emitting formats, the corresponding light emitting format 
depending on the temperature difference estimated value Td 
found by the processing, generates a brightness control 
signal LC including a light emitting pulse control signal EC 
for designating the selected light emitting format and a 

25 multiplication factor k in the selected light emitting 



format, and outputs the generated brightness control signal 
LC to the brightness controller 2. 

Fig. 3 is a block diagram showing the configuration of 
the brightness controller 2 shown in Fig. 1. As shown in Fig. 
5 3, the brightness controller 2 comprises a multiplication 
circuit 21, a video signal/sub-field corresponder 22, and a 
sub-field pulse generator 23. 

The multiplication circuit 21 multiplies the video 
signal VS by the multiplication factor k included in the 
10 brightness control signal LC, and outputs to the video 
signal/sub-field corresponder 22 a video signal whose 
luminance has been controlled by the multiplication factor 
k. 

The video signal/sub-field corresponder 22 divides one 
15 field into a plurality of sub-fields to perform display. 
Accordingly, it generates from a video signal corresponding 
to one field image data for each sub-field in the light 
emitting format designated from the plurality of light 
emitting formats in response to the light emitting pulse 
20 control signal EC included in the brightness control signal 
LC, and outputs a data driver driving control signal DC 
corresponding to the image data for each sub-field to the 
display 1 . 

The sub-field pulse generator 23 outputs to the display 
25 1 the scan driver driving control signal CS and the sustain 



driver driving control signal US which correspond to each 
sub-field in the light emitting format designated from the 
plurality of light emitting formats in response to the light 
emitting pulse control signal EC included in the brightness 
5 control signal LC . 

Fig. 4 is a block diagram showing the configuration of 
the display 1 shown in Fig. 1. The display shown in Fig. 1 
comprises a PDP (Plasma Display Panel) 11, a data driver 12, 
a scan driver 13, and a sustain driver 14. 

10 The data driver 12 is connected to a plurality of address 

electrodes (data electrodes) AD in the PDP 11. The scan driver 
13 contains driving circuits respectively provided for scan 
electrodes SC in the PDP 11, and each of the driving circuits 
is connected to the corresponding scan electrode SC. The 

15 sustain driver 14 is together connected to a plurality of 
sustain electrodes SU in the PDP 11. 

The data driver 12 applies a write pulse to the 
corresponding address electrode AD in the PDP 11 during a 
write time period in accordance with the data driver driving 

20 control signal DS . On the other hand, the scan driver 13 
successively applies the write pulses to the plurality of scan 
electrodes SC in the PDP 11 while shifting a shift pulse in 
the vertical scanning direction during the write time period 
in accordance with the scan driver driving control signal CS. 

25 Consequently, address discharges are induced in the 



corresponding discharge cell, and the discharge cell 
corresponding to the video signal VS is selected. 

The scan driver 13 applies periodical sustain pulses to 
the plurality of scan electrodes SC in the PDP 11 during a 
5 sustain time period in accordance with the scan driver driving 
control signal CS. On the other hand, the sustain driver 14 
simultaneously applies sustain pulses which are shifted in 
phase by 180° from the sustain pulses applied to the scan 
electrodes SC in the sustain time period in accordance with 
10 the sustain driver driving control signal US. Consequently, 
sustain discharges are induced in the discharge cell selected 
in an address time period, and an image is displayed on the 
display screen with luminance corresponding to the video 
signal VS. 

15 Fig. 5 is a schematic view showing the configuration of 

the PDP 11 shown in Fig. 4. As shown in Fig. 5, the PDP 11 
comprises a plurality of address electrodes AD, a plurality 
of scan electrodes SC, a plurality of sustain electrodes SU, 
a surface glass board FP, a reverse glass board BP, and a 

20 barrier wall WA. 

The plurality of address electrodes AD are arranged in 
the vertical direction on the screen, and the plurality of 
scan electrodes SC and the plurality of sustain electrodes 
SU are arranged in the horizontal direction on the screen. 

25 Further, the sustain electrodes SU are together connected. 



A discharge cell CE is formed at each of the intersections 
of the address electrodes AD, the scan electrodes SC, and the 
sustain electrodes SU. Each of the discharge cells CE 
composes a pixel on the screen. 
5 Furthermore, the scan electrodes SC and the sustain 

electrodes SU are formed in the horizontal direction on the 
screen such that they are paired on the surface glass board 
FP , and are covered with a transparent dielectric layer and 
a protective layer. On the other hand, the address electrodes 

10 AD are formed in the vertical direction on the screen on the 
reverse glass board BP opposite to the surface glass board 
FP, a transparent dielectric layer is formed thereon, and a 
fluorescent member is further applied thereon. The barrier 
wall WA is provided between the address electrodes AD, so that 

15 the adjacent discharge cells CE are separated from each other. 
When color display is performed, the address electrodes AD 
are provided every R, G, and B, and the barrier wall WA is 
provided between the address electrodes AD. 

The surface glass board FP and the reverse glass board 

20 BP are fixed with their outer peripheries joined to each other 
by a sealing glass SG. When the temperatures of the surface 
glass board FP and the reverse glass board BP are raised by 
causing the display cells CE to emit light, cracks occur in 
the vicinity of the sealing glass SG for the surface glass 

25 board FP and the reverse glass board BP. Consequently, the 



PDP 11 may be damaged in many cases. In the present 
embodiment, the luminance of the PDP 11 is controlled on the 
basis of the temperature difference in the portion most easily 
damaged. Therefore, the temperature difference estimated 
5 value Td is found in the following manner. 

A portion, including at least the discharge cells CE 
positioned in the outermost periphery (for example, a square 
frame portion indicated by hatching), of the display screen 
of the PDP 11, that is, a portion where the discharge cells 

10 CE are formed is taken as a periphery adjacent portion NE, 
to separate a video signal in the region by the periphery 
adjacent portion separator 41 in the temperature difference 
estimator 4. The separated video signal is integrated, for 
example, by the integration circuit 42 and the dissipated heat 

15 subtraction circuit 43, to find a temperature estimated value 
Te representing the temperature of the periphery adjacent 
portion NE. 

On the other hand, the panel periphery temperature 
setter 5 takes a portion of the sealing glass SG for the 

20 surface glass board FP and the reverse glass board BP and a 
portion between the discharge cell CE positioned in the 
outermost periphery and the sealing glass SG as the panel 
outer periphery, and sets the temperature of the portion as 
a reference value To. Consequently, the reference value To 

25 for the panel outer periphery is subtracted from the 



temperature estimated value Te for the periphery adjacent 
portion NE, thereby operating the temperature difference 
estimated value Td for the outer periphery of the display 
screen. Consequently, the luminance is controlled, as 
5 described later, using the temperature difference estimated 
value Td representing the temperature difference in the 
portion most easily damaged, thereby more reliably preventing 
the PDP 11 form being damaged. 

In the present embodiment, the PDP 11 corresponds to a 

10 display, the temperature difference estimator 4 corresponds 
to a temperature estimation circuit and an operation circuit, 
and the brightness controller 2, the controller 3, the data 
driver 12, the scan driver 13, and the sustain driver 14 
correspond to a control circuit. Further, the periphery 

15 adjacent portion separator 41, the integration circuit 42, 
and the dissipated heat subtraction circuit 43 correspond to 
a temperature estimation circuit, and the subtracter 44 
corresponds to an operation circuit. 

Description is now made of a gray scale display method 

20 using five types of light emitting formats in which the total 
number of gray scales is 256, and one field is divided into 
eight sub-fields to perform display as an example of a gray 
scale display method for the display device configured as 
described above. The gray scale display method to which the 

25 present invention is applied is not particularly limited to 
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the following example. Another gray scale display method may 
be used. 

Fig. 6 is a diagram showing sub-fields where sustain 
discharges should be induced when the display screen is 
displayed at each gray scale level in a case where the total 
number of gray scales is 256. In Fig. 6, the sub-fields SF1 
to SF8 are successively respectively weighted with brightness 
values 1, 2, 4, 8, 16, 32, 64, and 128, for example. Each 
of the weights is a value proportional to the luminance of 
the display screen, for example, the number of times of light 
emission in each of the discharge cells. 

In Fig. 6, the sub-fields SF1 to SF8 used for causing 
the discharge cell to emit light at each gray scale level are 
indicated by O. In order to cause the discharge cell to emit 
light at a gray scale level 1, the sub-field SF1 (a weight 
1) may be used. In order to cause the discharge cell to emit 
light at a gray scale level 3, the sub-field SF1 and the 
sub-field SF2 (a weight 2) may be used, and a corresponding 
column in each of the sub-fields is assigned O. If the 
sub-fields are combined with each other to cause the discharge 
cell to emit light in a number of times of light emission 
corresponding to the weight, gray scale display can be 
performed at each of the gray scale levels 0 to 2 55. The number ' 
of sub-fields obtained by the division, the weights, and so 
forth are not particularly limited to those in the above- 



mentioned example, and various modifications are possible. 

Description is now made of five types of light emitting 
formats in which the total number of gray scales is 2 56 as 
an example of a light emitting format using the sub-fields 
5 SF1 to SF8 which are weighted as described above. 

Fig. 7 is a diagram showing the number of light emitting 
pulses in each of the sub-fields SF1 to SF8 in each of the 
five types of light emitting formats A to E. Each of the light 
emitting formats A to E is determined by the controller 2 
10 depending on the temperature estimated value Td, as described 
later, and is specified by the light emitting pulse control 
signal EC. 

In the light emitting format A, the total number of light 
emitting pulses is 1275, five light emitting pulses are 

15 assigned to the sub-field SF1, 10 light emitting pulses are 
assigned to the sub-field SF2, and 20, 40, 80, 160, 320, and 
640 light emitting pulses are similarly assigned, 
respectively, to the sub-fields SF3 to SF8 . 

The total number of light emitting pulses is 1020 in the 

20 light emitting format B, the total number of light emitting 
pulses is 765 in the light emitting format C, the total number 
of light emitting pulses is 510 in the light emitting format 
D, and the total number of light emitting pulses in the light 
emitting format E is 255 . The number of light emitting pulses , 

25 as shown, is assigned to each of the sub-fields SF1 to SF8. 



When the sub-fields SF1 to SF8 are combined to perform 
display on 256 gray scales, therefore, the light emitting 
formats A to E differ in the number of light emitting pulses 
and luminance even at the same gray scale level. That is, 
when the luminance in the light emitting format E is used as 
a basis (once), the luminance in the light emitting format 
D is twice that in the light emitting format E, the luminance 
in the light emitting format C is three times that in the light 
emitting format E, the luminance in the light emitting format 
B is four times that in the light emitting format E , and the 
luminance in the light emitting format A is five times that 
in the light emitting format E. Consequently, the light 
emitting formats are successively switched from A to E, 
therefore, the luminance of the display screen can be lowered 
without significantly changing the total number of gray 
scales . 

Description is now made of the relationship between a 
temperature difference estimated value Td and a 
multiplication factor k in a case where the light emitting 
formats A to E are combined with each other to induce sustain 
discharges. Fig. 8 is a diagram showing the relationship 
between a temperature difference estimated value Td and a 
multiplication factor k in a case where the light emitting 
formats A to E are combined with each other to induce sustain 
discharges. The relationship between the temperature 



difference estimated value Td and the multiplication factor 
k shown in Fig. 8 is previously stored in the controller 3. 
The light emitting format and the multiplication factor k 
which correspond to the temperature difference estimated 
5 value Td estimated by the temperature difference estimator 
4 are specified by the controller 3. 

As shown in Fig. 8, in the light emitting format A , as 
the temperature difference estimated value Td increases, the 
multiplication factor k linearly decreases from 1.0 to 0.8. 

10 Then, in the light emitting format B, as the temperature 
difference estimated value Td increases, the multiplication 
factor k decreases from 1.0 to 0.75. Then, in the light 
emitting format C, as the temperature difference estimated 
value Td increases, the multiplication factor k decreases 

15 from 1.0 to 0.67. Then, in the light emitting format D, as 
the temperature difference estimated value Td increases, the 
multiplication factor k decreases from 1.0 to 0.5. Finally, 
in the light emitting format E, as the temperature difference 
estimated value Td increases, the multiplication factor k 

20 decreases from 1.0. 

From the following reason, the multiplication factor is 
returned to 1.0 when the light emitting format is switched 
after decreasing from 1.0. That is, the total number of light 
emitting pulses in the light emitting format A is 1275, and 

25 the total number of light emitting pulses in the light 
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emitting format B is 1020. Accordingly, the ratio of the 
numbers of pulses is 0.8. When the light emitting format is 
switched from A to B, therefore, the multiplication factor 
k is switched from 0.8 to 1.0, thereby making it possible to 
5 reduce the number of light emitting pulses at a predetermined 
ratio depending on the temperature difference estimated value 
Td before and after the switching and to linearly control the 
luminance of the display screen. The same is true even at 
the time of later switching the light emitting format. 

10 The multiplication factor k is thus switched depending 

on the total number of light emitting pulses at the time of 
switching the light emitting format, thereby making it 
possible to linearly control the luminance of the display 
screen depending on the temperature difference estimated 

15 value Td even when the image is displayed using the different 
light emitting format as well as to lower the luminance 
without extremely reducing the total number of gray scales. 

When the video signal VS is multiplexed by the 
multiplication factor k, to display the image using the video 

20 signal, the temperature difference estimated value Td 
increases, and the luminance after the control linearly 
decreases, as shown in Fig. 9, thereby making it possible to 
lower the luminance of the display screen depending on the 
temperature difference estimated value Td. In Fig. 9, the 

25 luminance in a case where the luminance is not decreased, that 
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is, the temperature difference estimated value Td is zero is 
5 (a relative value). 

The light emitting format is not particularly limited 
to the above-mentioned example. The sustain discharges may 
5 be induced using only the light emitting format A out of the 
light emitting formats A to E. Fig. 10 is a diagram showing 
the relationship between the temperature difference 
estimated value Td and the multiplication factor k in a case 
where the light emitting format A is used. When the 

10 temperature difference estimated value Td is zero, that is, 
the temperature is not raised, as shown in Fig. 10, the 
multiplication factor k is outputted as 1.0. As the 
temperature difference estimated value Td increases, the 
multiplication factor k linearly decreases. Consequently, 

15 the video signal VS is multiplexed by the multiplication 
factor k by the multiplication circuit 21, thereby making it 
possible to lower the luminance of the display screen 
depending on the temperature difference estimated value Td, 
as in a case shown in Fig. 9. 

20 Description is now made of a first luminance control 

method for the plasma display device configured as described 
above . 

First in the temperature difference estimator 4, a video 
signal for the periphery adjacent portion is separated from 
25 a video signal VS by the periphery adjacent portion separator 
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41, a luminance signal in the video signal for the periphery 
adjacent portion is integrated by the integration circuit 42, 
and the amount of dissipated heat is subtracted by the 
dissipated heat subtraction circuit 43, to calculate a 
5 temperature estimated value Te for the periphery adjacent 
portion. A reference value To for the panel outer periphery 
set by the panel periphery temperature setter 5 is subtracted 
from the temperature estimated value Te for the periphery 
adjacent portion by the subtracter 44, so that a temperature 

10 difference estimated value Td for the periphery of the display 
screen is calculated. 

As shown in Fig. 8, a light emitting format and a 
multiplication factor k which correspond to the temperature 
difference estimated value Td are then determined by the 

15 controller 3, so that a light emitting pulse control signal 
EC corresponding to the determined light emitting format and 
a brightness control signal LC including the determined 
multiplication factor k are generated. 

Then in the brightness controller 2, the video signal 

20 VS is multiplied by the multiplication factor k included in 
the brightness control signal LC by the multiplication 
circuit 21, so that a video signal whose luminance has been 
controlled is generated depending on the multiplication 
factor k. Image data for each sub-field in the light emitting 

25 format corresponding to the light emitting pulse control 



signal EC included in the brightness control signal LC is then 
generated from the video signal corresponding to one field 
whose luminance has been controlled by the video 
signal/sub-f ield corresponder 22, and a data driver driving 
5 control signal DS corresponding to the image data is 
output ted. Further, a scan driver driving control signal CS 
and a sustain driver driving control signal US which 
correspond to each sub-field in the light emitting format 
corresponding to the light emitting pulse control signal EC 

10 are generated by the sub-field pulse generator 23. 

Finally, in the display 1, address discharges in the 
corresponding discharge cell are induced in response to the 
data driver driving control signal DS and the scan driver 
driving control signal CS by the data driver 12 and the scan 

15 driver 13, and sustain discharges are then induced in the 
discharge cell in which the address discharges have been 
induced in response to the scan driver driving control signal 
CS and the sustain driver driving control signal US by the 
scan driver 13 and the sustain driver 14. Accordingly, an 

20 image is displayed on the display screen with the luminance 
controlled depending on the multiplication factor 3c. The 
larger the temperature difference estimated value Td becomes , 
the lower the luminance of the display screen becomes. 

As described in the foregoing, in the luminance control 

25 method, the temperature estimated value Te corresponding to 
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the temperature of the periphery adjacent portion of the 
display screen of the PDP 11 is estimated from the video signal 
VS, the temperature difference estimated value Td is found 
using the temperature estimated value Te and the reference 
5 value To corresponding to the temperature of the panel outer 
periphery, the light emitting format and the multiplication 
factor k which correspond to the temperature difference 
estimated value Td are determined, and the luminance of the 
display screen of the PDP 11 is controlled by the light 

10 emitting format and the multiplication factor k which have 
been determined. Consequently, the luminance can be 
controlled on the basis of the temperature difference between 
the panel outer periphery which greatly affects the damage 
to the PDP 11 and the periphery adjacent portion closest to 

15 the panel outer periphery, thereby making it possible to more 
reliably prevent the PDP 11 from being damaged. Further, only 
the temperature estimated value Td for the periphery adjacent 
portion is operated, so that the amount of operation is 
reduced, thereby making it possible to simplify the 

20 processing as well as to shorten the processing time. 

Description is now made of a second luminance control 
method for the plasma display device. The second luminance 
control method is a method of dividing the display screen into 
a plurality of blocks and controlling the luminance of the 

25 peripheral block adjacent to the outer periphery of the 
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display screen out of the blocks obtained by the division. 
The control method is carried out by the controller 3 
outputting a multiplication factor k corresponding to a 
temperature difference estimated value Td when a video signal 
5 VS corresponding to the peripheral block is inputted to the 
multiplication circuit 21, outputting one as the 
multiplication factor k when the video signal VS 
corresponding to the inner block other than the peripheral 
block is inputted to the multiplication circuit 21, and 

10 multiplying the video signal VS by the multiplication factors 
k by the multiplication circuit 21. In this case, a vertical 
synchronizing signal and a horizontal synchronizing signal, 
for example, are inputted to the controller 3 through the 
temperature difference estimator 4, and the display screen 

15 is divided using the horizontal synchronizing signal and the 
vertical synchronizing signal, for example, to specify the 
peripheral block. 

Fig. 11 is a diagram showing an example of a 
multiplication factor k for each block in a case where the 

20 luminance of the peripheral block is controlled. In the 
following, description is made of a case where the display 
screen is divided into a total of 25 blocks, that is, five 
blocks in the longitudinal direction and five blocks in the 
transverse direction. However, the number of divisions of 

25 the display screen is not particularly limited to that in this 



example. The number can be suitably determined depending on 
the number of pixels composing the display screen, and the 
processing capabilities of the temperature difference 
estimator 4, the controller 3, and so forth, for example. In 
Fig. 11, a discharge cell in the outermost periphery is 
positioned in the outermost periphery of each peripheral 
block, and an outer frame indicates the outer periphery of 
the PDP 11. 

In the example shown in Fig. 11, the multiplication 
factor k for the peripheral blocks (blocks indicated by 
hatching) is set to 0.5, and the multiplication factor k for 
the other inner blocks is set to one. In this case, the 
multiplication factor k is decreased only in a portion of the 
peripheral block most easily damaged, and the luminance of 
this portion is reduced. Consequently, the PDP 11 can be more 
reliably prevented from being damaged without lowering the 
luminance of the inside of the display screen. 

Description is now made of a third luminance control 
method for the plasma display device. The third luminance 
control method is a method of controlling the luminance of 
each of blocks such that the luminance of the peripheral block 
is made lower than that of the inner block. The control method 
is carried out by the controller 3 outputting a multiplication 
factor k corresponding to a temperature difference estimated 
value Td when a video signal VS corresponding to the 



peripheral block is inputted to the multiplication circuit 
21, increasing the multiplication factor k depending on the 
position of each of the blocks such that the multiplication 
factor for the block at the center is one when the video signal 
VS corresponding to the inner block other than the peripheral 
block is inputted to the multiplication circuit 21, and 
multiplying the video signal VS by the multiplication factor 
k by the multiplication circuit 21. 

Fig. 12 is a diagram showing an example of the 
multiplication factor k for each block in a case where the 
luminance of the blocks is controlled such that the luminance 
of the peripheral blocks is made lower than that of the inner 
blocks. In the example shown in Fig. 12, the multiplication 
factor k for the peripheral blocks is set to 0.5, the 
multiplication factor k for the inner blocks is set to 0.75, 
and the multiplication factor k for the block at the center 
is set to one. In this case, the luminance of a portion of 
the peripheral block most easily damaged is most greatly 
reduced, thereby making it possible to more reliably prevent 
the PDP 11 from being damaged. Since the multiplication 
factor k is gradually decreased toward the outer periphery 
of the PDP 11, the change in the luminance by the change in 
the multiplication factor k is difficult to visually know, 
thereby making it possible to prevent the image quality from 
being degraded. The amount of change of the multiplication 



factor k depending on the position of the block is not 
particularly limited to that in the above-mentioned example. 
Various modifications are possible. For example, the amount 
of change on the side of the outer periphery is made larger. 

Description is now made of a plasma display device 
according to a second embodiment of the present invention. 
Fig. 13 is a block diagram showing the configuration of the 
plasma display device according to the second embodiment of 
the present invention. 

The plasma display device shown in Fig. 13 divides a 
display screen of a display 1 into a plurality of blocks, finds 
a peripheral block temperature difference estimated value Tbd 
for each peripheral block adjacent to the outer periphery of 
the display screen out of the blocks obtained by the division, 
and controls luminance using the peripheral block temperature 
difference estimated value Tbd. Consequently, the plasma 
display device shown in Fig. 13 is the same as the plasma 
display device shown in Fig. 1 except that the temperature 
difference estimator 4 is changed into a temperature 
difference estimator 4A for estimating the peripheral block 
temperature difference estimated value Tbd for each 
peripheral block. Accordingly, the same portions are 
assigned the same reference numerals and hence, the 
description thereof is not repeated. Only the temperature 
difference estimator 4A obtained by the change will be 



described in detail. 

Fig. 14 is a block diagram showing the configuration of 
the temperature difference estimator 4A shown in Fig. 13. The 
temperature difference estimator 4A shown in Fig. 14 is the 
5 same as the temperature difference estimator 4 shown in Fig. 
2 except that a block separator 45 is added between a periphery 
adjacent portion separator 41 and an integration circuit 42. 
Accordingly, the same portions are assigned the same 
reference numerals and hence, the description thereof is not 
10 repeated. 

As shown in Fig. 14, the block separator 45 is connected 
to the periphery adjacent portion separator 41, and receives 
a video signal for a periphery adjacent portion which is 
outputted from the periphery adjacent portion separator 41, 

15 separates the video signal for each peripheral block adjacent 
to the outer periphery of the display screen, and outputs the 
divided video signal to the integration circuit 42. In this 
case, a vertical synchronizing signal and a horizontal 
synchronizing signal, for example, included in the video 

20 signal VS are inputted to the block separator 45, so that the 
peripheral block is extracted using the horizontal 
synchronizing signal and the vertical synchronizing signal, 
for example. In a stage succeeding the integration circuit 
42, each processing is performed, as in the first embodiment, 

25 for each peripheral block. Finally, the peripheral block 



temperature difference estimated value Tbd is outputted for 
each peripheral block from a subtracter 44. 

Fig. 15 is a diagram showing an example of a temperature 
estimated value Tb and a peripheral block temperature 
5 difference estimated value Tbd which are estimated for each 
peripheral block. Although in the following, description is 
made of a case where the display screen is divided into five 
blocks in the longitudinal direction and five blocks in the 
transverse direction, and the block adjacent to the outer 

10 periphery of the display screen out of the blocks obtained 
by the division is taken as a peripheral block, the number 
of divisions of the display screen is not particularly limited 
to that in this example. The number can be suitably determined 
depending on the number of pixels composing the display 

15 screen, and the processing capabilities of the temperature 
difference estimator 4A, the controller 3, and so forth, for 
example. In Fig. 15, a discharge cell in the outermost 
periphery is positioned in the outermost periphery of the 
peripheral block, and an outer frame indicates the outer 

20 periphery of a PDP 11. 

As shown in Fig. 15(a) , the temperature estimated value 
Tb is determined for each peripheral block. For example, the 
temperature estimated value Tb for the peripheral block in 
the upper left of the display screen is 17, the temperature 

25 estimated value Tb for the peripheral block adjacent thereto 



on the right side is 18, and the temperature estimated value 
Tb for the peripheral block adjacent thereto on the right side 
is 20. The temperature estimated value Tb is thus estimated 
for each peripheral block. 
5 A reference value To is subtracted from each of the 

temperature estimated values Tb shown in Fig. 15(a) . In this 
example, the reference value To for the peripheral blocks 
included in two rows in an upper part UR is set to 10, and 
the reference value To for the peripheral blocks included in 

10 three rows in a lower part DR is set to five. Consequently, 
the peripheral block temperature difference estimated value 
Tbd for each of the peripheral blocks from which each of the 
reference values has been subtracted is a value shown in Fig. 
15(b). A multiplication factor k is determined, as in Fig. 

15 8, for each of the peripheral blocks using the value, and the 
luminance of the peripheral block is controlled depending on 
the multiplication factor k. 

Generally in the PDP 11, an address electrode AD is wired 
to its upper part, as shown in Fig. 5. Accordingly, a vent 

20 for cooling, for example, is provided in its lower part. The 
temperature of the upper part tends to be raised more easily, 
as compared with the temperature of the lower part . 
Consequently, a high reference value is set with respect to 
the upper part UR in the PDP 11, and a lower reference value 

25 is set in the lower part DR, as compared with that in the upper 
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part UR, thereby making it possible to calculate a temperature 
difference estimated value closer to thermal stress actually 
created in the panel outer periphery of the PDP 11. As a 
result, the PDP 11 can be more reliably prevented from being 
damaged, and the luminance is not lowered any more than 
necessary. A method of controlling luminance using a 
plurality of reference values which differ depending on the 
position of the panel outer periphery of the PDP 11, as 
described above, is also applicable to other embodiments. 

The controller 3 uses the peripheral block temperature 
difference estimated value Tbd for each peripheral block 
found in the above-mentioned manner, to output a brightness 
control signal LC to a brightness controller 2 such that 
luminance is controlled for each peripheral block. The 
brightness controller 2 outputs to the display 1 an address 
driver driving control signal AD, a scan driver driving 
control signal CS, and a sustain driver driving control signal 
US for controlling the luminance for each peripheral block 
in response to a brightness control signal LC . In the display 
1, the luminance is controlled for each peripheral block in 
response to each of the inputted driving control signals by 
each luminance control method described below. 

The present embodiment is the same as the first 
embodiment except that the temperature difference estimator 
4A corresponds to a temperature estimation circuit and an 



operation circuit, and the block separator 45 corresponds to 
a block extraction circuit. 

A first luminance control method for the plasma display 
device configured as described above will be described. The 
5 first luminance control method is a method of estimating a 
temperature estimated value Tb for each peripheral block, 
subtracting a reference value To from the temperature 
estimated value Tb for the peripheral block to find a 
peripheral block temperature difference estimated value Tbd, 

10 and controlling luminance depending on the peripheral block 
temperature difference estimated value Tbd for the peripheral 
block. Also in the control method, a multiplication factor 
k corresponding to the peripheral block temperature 
difference estimated value Tbd for the peripheral block is 

15 outputted when a video signal VS corresponding to the 
peripheral block separated by the block separator 45 is 
inputted to a multiplication circuit 21, one is outputted as 
the multiplication factor k when the video signal VS 
corresponding to the inner block other than the peripheral 

20 block is inputted to the multiplication circuit 21, and the 
video signal VS is multiplied by the multiplication factors 
k by the multiplication circuit 21. 

Fig. 16 is a diagram showing an example of a peripheral 
block temperature difference estimated value Tbd and a 

25 multiplication factor for each peripheral block in a case 



where luminance is controlled for the peripheral block by the 
first luminance control method. 

First, as shown in Fig. 16(a), it is assumed that a 
peripheral block temperature difference estimated value Tbd 
is estimated for each peripheral block. That is, it is assumed 
that the peripheral block temperature difference estimated 
value Tbd for the peripheral blocks positioned at the 
respective centers of the upper side, the lower side, the left 
side, and the right side of the display screen is 20, and the 
peripheral block temperature difference estimated value Tbd 
for the other peripheral blocks is zero. In this case, a 
multiplication factor k for the peripheral block is as shown 
in Fig. 16(b). That is, the multiplication factor k for the 
peripheral blocks at the respective centers of the upper side, 
the lower side, the left side, and the right side is 0.5, and 
the multiplication factor k for the other peripheral blocks 
is one. The luminance of each of the peripheral blocks is 
controlled depending on the multiplication factor k. 

In this case, the multiplication factor k is decreased 
only in the peripheral block where the peripheral block 
temperature difference estimated value Tbd is large, and only 
the luminance of this portion is reduced. Consequently, only 
the luminance of the peripheral block most easily damaged is 
lowered without lowering the luminance of the other block, 
thereby making it possible to more reliably prevent the PDP 



11 from being damaged. 

A second luminance control method for the plasma display 
device will be described. The second luminance control method 
is for controlling luminance for each peripheral block on the 
basis of a peripheral block temperature difference estimated 
value Tbd' obtained by subjecting a peripheral block 
temperature difference value Tbd between adjacent peripheral 
blocks to filtering processing such that the amount of 
controlled luminance between the adjacent peripheral blocks 
is smoothly changed. In the control method, the peripheral 
block temperature difference estimated value Tbd is subjected 
to filtering processing such as integration or interpolation 
between the adjacent peripheral blocks by the controller 3, 
a multiplication factor k corresponding to the peripheral 
block temperature difference estimated value Tbd' after the 
filtering processing is outputted, and a video signal VS 
corresponding to the peripheral block is multiplied by the 
multiplication factor k in the multiplication circuit 21. 

Fig. 17 is a diagram showing an example of a peripheral 
block temperature difference estimated value Tbd for each 
peripheral block, a peripheral block temperature difference 
estimated value Tbd' after filtering processing, and a 
multiplication factor k in a case where luminance is 
controlled for each peripheral block such that the amount of 
controlled luminance is smoothly changed by the second 



luminance control method. 

First, as shown in Fig. 17(a), it is assumed that a 
peripheral block temperature difference estimated value Tbd 
is estimated for each peripheral block, as in Fig. 16(a) . The 
peripheral block temperature difference estimated value Tbd 
is then filtered by interpolation between the adjacent 
peripheral blocks. The peripheral block temperature 
difference estimated value Tbd' after the filtering 
processing is as shown in Fig. 17(b). A peripheral block 
temperature difference estimated value Tbd for the peripheral 
block between the peripheral block having a peripheral block 
temperature difference estimated value Tbd of 20 and the 
peripheral block having a peripheral block temperature 
difference estimated value Tbd of 0 is interpolated from zero 
to 10. In this case, a multiplication factor k for each of 
the peripheral blocks is as shown in Fig. 17(c). That is, 
the multiplication factor k for the peripheral blocks at the 
respective centers of the upper side, the lower side, the left 
side and the right side is 0.5, the multiplication factor k 
for the peripheral block positioned at each vertex of the 
display screen is one, and the multiplication factor k for 
the intermediate peripheral block is 0.75. The 
multiplication factor k is smoothly changed. The luminance 
of each of the peripheral blocks is controlled depending on 
the multiplication factor k. 



In this case, the luminance of a portion of the 
peripheral block most easily damaged is most greatly reduced, 
and thermal stress in the peripheral block is smoothly 
changed, thereby making it possible to more reliably prevent 
5 the PDP 11 from being damaged. Further, the multiplication 
factor k is gradually smoothly changed. Accordingly, the 
change in the luminance by the change in the multiplication 
factor k is difficult to visually know, thereby making it 
possible to prevent the image quality from being degraded. 

10 The change in the multiplication factor k by the filtering 
processing is not particularly limited. Various 
modifications are possible. For example, the multiplication 
factor k is exponentially changed. 

Description is now made of a plasma display device 

15 according to a third embodiment of the present invention. 
Fig. 18 is a block diagram showing the configuration of the 
plasma display device according to the third embodiment of 
the present invention. 

The plasma display device shown in Fig. 18 divides a 

20 display screen of a display 1 into a plurality of blocks , finds 
a peripheral block temperature difference estimated value Tbd 
for each peripheral block adjacent to the outer periphery of 
the display screen out of the blocks obtained by the division, 
extracts the maximum peripheral block temperature difference 

25 estimated value Tmax out of the peripheral block temperature 



difference estimated values Tbd, and controls luminance using 
the maximum peripheral block temperature difference 
estimated value Tmax. Consequently, the plasma display 
device shown in Fig. 18 is the same as the plasma display 
device shown in Fig. 13 except that the temperature difference 
estimator 4A is changed into a temperature difference 
estimator 4B for estimating the peripheral block temperature 
difference estimated value Tbd for each peripheral block and 
extracting the maximum peripheral block temperature 
difference estimated value Tmax. Accordingly, the same 
portions are assigned the same reference numerals and hence, 
the description thereof is not repeated. Only the temperature 
difference estimator 4B obtained by the change will be 
described in detail. 

Fig. 19 is a block diagram showing the configuration of 
the temperature difference estimator 4B shown in Fig. 18. The 
temperature difference estimator 4B shown in Fig. 18 is the 
same as the temperature difference estimator 4A shown in Fig. 
14 except that a maximum selector 46 is added in a stage 
succeeding a subtracter 44. Accordingly, the same portions 
are assigned the same reference numerals and hence, the 
description thereof is not repeated. 

As shown in Fig. 19, the maximum selector 46 is connected 
to the subtracter 44, and selects a maximum peripheral block 
temperature difference estimated value Tb out of the 



peripheral block temperature difference estimated values Tbd 
for the peripheral blocks in one field, that is, one display 
screen which are outputted from the subtracter 44 and extracts 
the maximum peripheral block temperature difference 
estimated value Tbd as a maximum peripheral block temperature 
difference estimated value Tmax. 

Fig. 20 is a diagram showing an example of a temperature 
estimated value Tb, a peripheral block temperature difference 
estimated value Tbd, and a maximum peripheral block 
temperature difference estimated value Tmax which are 
estimated for each peripheral block. 

As shown in Fig. 20(a) , it is assumed that a temperature 
estimated value Tb is estimated for each peripheral block, 
as in Fig. 15(a). As shown in Fig. 20(b), a peripheral block 
temperature difference estimated value Tbd for each 
peripheral block is then found, as in Fig. 15(b). Finally, 
a peripheral block at the lower left corner having a maximum 
peripheral block temperature difference estimated value Tbd 
(13 in the example shown in Fig. 20) out of peripheral block 
temperature difference estimated values Tbd shown in Fig. 
20(b) is selected, and 13 which is the peripheral block 
temperature difference estimated value Tbd for the peripheral 
block is taken as the maximum peripheral block temperature 
difference estimated value Tmax. 

As a result, as shown in Fig. 20(C) , the peripheral block 



temperature difference estimated values Tbd for all the 
peripheral blocks are replaced with the maximum peripheral 
block temperature difference estimated value Tmax. A 
multiplication factor k is determined, as in Fig. 8, for each 
peripheral block using the maximum peripheral block 
temperature difference estimated value Tmax, and the 
luminance of each of the peripheral blocks is controlled 
depending on the multiplication factor k. 

A controller 3 uses the maximum peripheral block 
temperature difference estimated value Tmax found in the 
above-mentioned manner , to output a brightness control signal 
LC to a brightness controller 2 such that the luminance is 
controlled for each peripheral block. The brightness 
controller 2 outputs to a display 1 an address driver driving 
control signal AD, a scan driver driving control signal CS, 
and a sustain driver driving control signal US for controlling 
luminance for each peripheral block depending on the 
brightness control signal LC. In the display 1, the luminance 
is controlled in response to each of the inputted driving 
control signals. 

The present embodiment is the same as the second 
embodiment except that a temperature difference estimator 4B 
corresponds to a temperature estimation circuit and an 
operation circuit. 

In the plasma display device configured as described 



above, the luminance control method for each of the 
above-mentioned embodiments can be used, thereby making it 
possible to obtain the same effect. 

In the present embodiment, the luminance is controlled 
using the maximum peripheral block temperature difference 
estimated value Tmax representing the largest temperature 
difference in the peripheral blocks, thereby making it 
possible to more reliably prevent the PDP 11 from being 
damaged. Further, the luminance is controlled by one maximum 
peripheral block temperature difference estimated value, so 
that processing for controlling the luminance is simplified. 

Description is now made of a plasma display device 
according to a fourth embodiment of the present invention. 
Fig. 21 is a block diagram showing the configuration of the 
plasma display device according to the fourth embodiment of 
the present invention. 

The plasma display device shown in Fig. 21 is the same 
as the plasma display device shown in Fig. 1 except that a 
temperature measuring unit 6 is added. Accordingly, the same 
portions are assigned the same reference numerals and hence, 
the description thereof is not repeated. 

As shown in Fig. 21, the temperature measuring unit 6 
is connected to a panel periphery temperature setter 5, and 
directly measures the temperature of the panel outer 
periphery of a PDP 11 and outputs the measured temperature 



to the panel periphery temperature setter 5. The panel 
periphery temperature setter 5 sets a reference value To 
corresponding to the measured temperature and outputs the set 
reference value To to a temperature difference estimator 4. 
After that, the subsequent processing is performed, as in the 
first embodiment, so that luminance is controlled. 

The present embodiment is the same as the first 
embodiment except that the panel periphery temperature setter 
5 and the temperature measuring unit 6 correspond to a 
measurement circuit. 

In the plasma display device configured as described 
above, the luminance control method in the first embodiment 
can be similarly used, thereby making it possible to obtain 
the same effect. When the temperature measuring unit 6 in 
the present embodiment is used for another embodiment, a 
luminance control method in another embodiment can be also 
similarly used, thereby making it possible to obtain the same 
effect . 

in the present embodiment, the temperature of the panel 
outer periphery is directly measured, and the luminance can 
be controlled on the basis of the reference value To 
corresponding to the temperature. Even when the reference 
value To is changed due to the variation in outer air 
temperature, for example, therefore, the PDP 11 can be more 
reliably prevented from being damaged. The number of 



measuring points in the temperature measuring unit 6 may be 
one or plural in the panel outer periphery. When a plurality 
of points are measured, a reference value may be set for each 
of the measuring points, or a reference value may be set, for 
5 example, with respect to the average of the results of the 
measurement of the plurality of points. 

Although in each of the above-mentioned embodiments, 
the video signal VS is multiplexed by the multiplication 
factor k included in the brightness control signal LC 
10 outputted from the controller 3 in the multiplication circuit 
21 to control the luminance, the maximum luminance of an image 
displayed on the PDP 11 may be lowered by changing the 
multiplication circuit 21 into a limiting circuit for 
limiting the maximum luminance of the video signal, 
15 outputting an upper-limit value of the maximum luminance 
corresponding to the temperature difference estimated value 
from the controller 3, and limiting only luminance exceeding 
the upper-limit value of the maximum luminance by the limiting 
circuit . 
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CLAIMS 



1. A display device comprising: 

a display for displaying an image with luminance 
corresponding to a video signal inputted from the exterior; 

a temperature estimation circuit for estimating from 
said video signal a temperature estimated value corresponding 
to the temperature of a display screen of said display; 

an operation circuit for finding a temperature 
difference estimated value using a reference value 
corresponding to the temperature of the outer periphery of 
said display and said temperature estimated value; and 

a control circuit for controlling the luminance of the 
image displayed on said display on the basis of said 
temperature difference estimated value. 

2. The display device according to claim 1, 
characterized in that said temperature estimation circuit 
estimates the temperature estimated value corresponding to 
the temperature of the outer periphery of the display screen 
of said display. 

3. The display device according to claim 1, 
characterized in that 

said display comprises first and second boards between 



which a plurality of light emitting elements are formed and 
to which its outer periphery is fixed, and 

the outer periphery of said display includes a portion 
between the light emitting element positioned in the 
5 outermost periphery out of said plurality of light emitting 
elements and a fixed portion of said first and second boards. 

4. The display device according to claim 1, 
characterized in that 

10 said temperature estimation circuit estimates said 

temperature estimated value by integrating data relating to 
the luminance from said video signal and subtracting the 
amount of dissipated heat therefrom, and 

said operation circuit subtracts said reference value 

15 from said temperature estimated value, to find said 
temperature difference estimated value. 

5. The display device according to claim 1, 
characterized in that said control circuit lowers the 

20 luminance of the image displayed on said display with the 
increase in said temperature difference estimated value. 

6. The display device according to claim 1, 
characterized in that said control circuit lowers the maximum 

25 luminance of the image displayed on said display with the 



60 



increase in said temperature difference estimated value. 



7. The display device according to claim 1, 
characterized in that 

said display displays the image with a gray scale 
corresponding to said video signal out of a plurality of gray 
scales, and 

said control circuit lowers the luminance of the image 
displayed on said display at the same ratio for each of the 
gray scales . 

8. The display device according to claim 1, 
characterized in that 

said display displays the image with a gray scale 
corresponding to said video signal using a plurality of light 
emitting formats which are the same in the total number of 
gray scales and differ in the number of light emitting pulses 
on each of the gray scales, and 

said control circuit controls the luminance of the image 
displayed on said display using the light emitting format 
selected depending on the temperature difference estimated 
value out of said plurality of light emitting formats. 

9. The display device according to claim 1, 
characterized in that said control circuit divides the 



display screen of said display into a plurality of blocks, 
extracts from the plurality of blocks the peripheral block 
adjacent to the outer periphery of the display screen, and 
lowers the luminance of said peripheral block. 

5 

10. The display device according to claim 1, 
characterized in that said control circuit divides the 
display screen of said display into a plurality of blocks, 
extracts from the plurality of blocks the peripheral block 

10 adjacent to the outer periphery of the display screen, and 
makes the luminance of said peripheral block lower than that 
of the block inside the display screen of said display. 

11. The display device according to claim 1, 
15 characterized by further comprising 

a block extraction circuit for dividing the display 
screen of said display into a plurality of blocks and 
extracting from said plurality of blocks the peripheral 
blocks adjacent to the outer periphery of the display screen, 

20 said temperature estimation circuit estimates the 

temperature estimated values for said peripheral blocks, 

said operation circuit finds a peripheral block 
temperature difference estimated value from the temperature 
estimated values estimated for the peripheral blocks, and 

25 said control circuit controls the luminance for each of 



the peripheral blocks on the basis of the peripheral block 
temperature difference estimated value. 



12. The display device according to claim 11, 
characterized in that said control circuit controls the 
luminance for each of said peripheral blocks such that the 
amount of controlled luminance between the adjacent 
peripheral blocks is smoothly changed on the basis of the 
peripheral block temperature difference estimated value. 

13. The display device according to claim 1, 
characterized by further comprising 

a block extraction circuit for dividing the display 
screen of said display into a plurality of blocks and 
extracting from said plurality of blocks the peripheral 
blocks adjacent to the outer periphery of the display screen, 

said temperature estimation circuit estimates the 
temperature estimated values for said peripheral blocks, 

said operation circuit finds, out of the temperature 
estimated values estimated for the peripheral blocks, 
peripheral block temperature difference estimated values for 
the peripheral blocks, and extracts from the peripheral block 
temperature difference estimated values the maximum 
peripheral block temperature difference estimated value, and 

said control circuit controls the luminance of the image 



displayed on the display on the basis of the maximum 
peripheral block temperature difference estimated value. 

14. The display device according to claim 1, 
5 characterized in that said reference value includes a 

plurality of reference values which differ depending on the 
position of the outer periphery of said display. 

15. The display device according to claim 1, 
10 characterized by further comprising a measurement circuit for 

measuring the temperature of the outer periphery of said 
display and outputting to said operation circuit the 
reference value corresponding to the measured temperature. 

15 16. A luminance control method for a display device 

comprising a display for displaying an image with luminance 
corresponding to a video signal inputted from the exterior, 
characterized by comprising the steps of: 

estimating from said video signal a temperature 

20 estimated value corresponding to the temperature of a display 
screen of said display; 

finding a temperature difference estimated value using 
a reference value corresponding to the temperature of the 
outer periphery of said display and said temperature 

25 estimated value; and 

6 4 



controlling the luminance of the image displayed on said 
display on the basis of said temperature difference estimated 
value . 

5 17. The luminance control method for the display device 

according to claim 16, characterized in that said temperature 
estimating step comprises the step of estimating the 
temperature estimated value corresponding to the temperature 
of the outer periphery of the display screen of said display. 

10 

18. The luminance control method for the display device 
according to claim 16, characterized in that 

said display displays the image on a gray scale 
corresponding to said video signal using a plurality of light 
15 emitting formats which are the same in the total number of 
gray scales and differ in the number of light emitting pulses 
on each of the gray scales , and 

said controlling step comprises the step of controlling 
the luminance of the image displayed on said display using 
20 the light emitting format selected depending on the 
temperature difference estimated value out of said plurality 
of light emitting formats. 

19 . The luminance control method for the display device 
25 according to claim 16, characterized in that said controlling 

6 5 



step comprises the step of dividing the display screen of said 
display into a plurality of blocks, extracting from the 
plurality of blocks the peripheral blocks adjacent to the 
outer periphery of the display screen, and lowering the 
5 luminance of said peripheral blocks . 

20. The luminance control method for the display device 
according to claim 16, characterized by further comprising 
the step of dividing the display screen of said display into 

10 a plurality of blocks and extracting from said plurality of 
blocks the peripheral blocks adjacent to the outer periphery 
of the display screen, 

said temperature estimating step comprises the step of 
estimating the temperature estimated values for said 

15 peripheral blocks , 

said temperature difference estimated value operating 
step comprises the step of finding a peripheral block 
temperature difference estimated value from the temperature 
estimated values estimated for the peripheral blocks, and 

20 said controlling step comprises the step of controlling 

the luminance for each of the peripheral blocks on the basis 
of the peripheral block temperature difference estimated 
value . 
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ABSTRACT 

A temperature difference estimated value is found from 
a video signal using a temperature estimated value 
representing the temperature of the panel outer periphery of 
5 a display screen of a PDP and a reference value representing 
the temperature of the panel outer periphery of the PDP which 
is outputted from a panel periphery temperature setter by a 
temperature difference estimator, and the luminance of an 
image displayed on a display is controlled depending on the 
10 temperature difference estimated value by a controller and 
a brightness controller. 
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(Application No.) (Day/Month/Year Filed) (Status) 



(Application No.) (Day/Month/Year Filed) (Status) 

□Additional U.S. or international application numbers are listed on a supplemental priority sheet 
attached hereto. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and follow 
instructions from either his foreign patent agent or corporate representative, if any, as to any action 
to be taken in the Patent and Trademark Office regarding this application without direct 
communication between the U.S. attorney or agent and the undersigned. In the event of a change in 
the persons from whom instructions may be taken, the U.S. attorney or agent named herein will be 
so notified by the undersigned. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the attorney(s) and/or agent(s) associated with the 
Customer Number provided below to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, and direct that all correspondence be addressed io that Customer Number: 
CUSTOMER NUMBER 7055 

The appointed attorneys presently include: 

Neil F. Greenblum Reg. No. 28,394 Stephen M. Roylance Reg. No. 31,296 

Bruce H. Bernstein Reg. No. 29,027 William E. Lyddane Reg. No. 41,568 

James L. Rowland Reg. No. 32,674 William Pieprz Reg. No. 33,630 

Arnold Turk Reg. No. 33,094 Leslie J. Paperaer Reg. No. 33,329 

Address: GREENBLUM & BERNSTEIN, P.L.C. 

1941 ROLAND CLARKE PLACE 
RESTON, VA 20191 

GREENBLUM & BERNSTEIN, P.L.C. 

(703) 716-1191 

Full name of sole or first inventor Mitsuhiro Kasahara 



yd'd Inventor's signature ^d^MJiih^9- e }ixu.aKxu^o^ Date Ttjuvut/iH /-2.0c I 

Residence Hirakata-shi. Osaka Citizenship Japanese 

Post Office Address 3-17-3, Na gapnishi-machi, Hirakata-shi, Osaka 573-016 2 Japan 

(Full name of second joint inventor, if any) 

j\ Full name of second inventor Yuichi Ishikawa 

Second Inventor's signature %uc& <^<^W* Date la** /27 /a=c=>/ 

Residence Ibaraki-shi, Osaka Citizenship Japanese 

Post Office Address 2-32-1-301. Tamakushi. Ibaraki-shi. Osaka 567-0895. Japan 

h ^ n Full name of third inventor Tomoko Morita 

■*\ . . . .. -r I .1.. . <j- 



Third Inventor's signiture Jawako %oAXta. Dat e 4wM-f isf/ioof 

Residence Hirakata-shi.^Osaka Citizenship Japanese 

Post Office Address 1-8-10-603. Deguchi. Hirakata-shi. Osaka 573-0065 . Japan 
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